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Supplementary Materials section S1. Charge-conditioned polarization of the 14 N spin
Polarization of the NVnuclear spin is carried out using a 'population trapping' scheme of the form R1-MW1-RF1-R2-MW2-RF2, where R1, R2 are red (632 nm) laser pulses, and MW1, MW2 (RF1, RF2) are microwave (radio-frequency) inversion pulses (figs. S4 and S5). Briefly, red laser pulses initialize the NVelectronic spin S=1 into the state | = ⟩; since the ionization rate at this wavelength is low, the NVcharge state remains unchanged so long as the pulse duration is sufficiently short. In this limit, polarization of the 14 N nuclear spin I=1 into | = ⟩ is the result of two successive CNOT gates each comprising two selective π-pulses: More specifically, if the NV-14 N spin system is assumed to be in the | = , = ⟩ state, then MW1acting selectively on the | = , = ⟩ ↔ | = − , = ⟩ transitionand RF1resonant with the | = − , = ⟩ ↔ | = − , = ⟩ transitionproduce the state | = − , = ⟩, which then converts into | = , = ⟩ upon application of R2. On the other hand, starting from | = , = − ⟩, MW2selective on the | = , = − ⟩ ↔ | = − , = − ⟩ transitionand RF2resonant with the | = − , = − ⟩ ↔ | = − , = ⟩ transitiondrive the NV-14 N spin state into | = − , = ⟩, which then transforms into | = , = ⟩ upon optical pumping with red (or green) laser light. Note that throughout the protocol all pulses (including laser pulses) have no effect on neutral NVs (featuring different optical and magnetic resonance transition frequencies), hence making the 14 N spin polarization conditional on the NV charge state, i.e., the equivalent of a charge-to-spin conversion.
section S2. Impact of NV − ionization and recharge on the 14 N spin polarization
To assess the influence of charge manipulation on nuclear spins, we subject spin-polarized 14 N spins in negatively charged NVs to a cycle of ionization and recharge via the consecutive application of blue and green laser pulses, each having a variable duration tion and trec, respectively (see figs. S4 and S5). The blue laser pulse originating from an ultrafast laseris itself a train of 450 nm femtosecond pulses (see above). Unlike the two-photon processes presented in Fig. 1A , illumination at this wavelength ionizes NVvia a one-photon absorption process. This form of ionization propels the excess electron directly into the conduction band and hence protects the 14 N spin from relaxation via level mixing in the NVexcited states. 
